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Birds often suffer from skin injuries of different aetiology. Platelet-rich 
plasma (PRP) is successfully used for improvement of wound healing in humans 
and in some mammalian species (e.g. horses, dogs and cats), but experience with 
its application in avian patients has not yet been published. Therefore, the aim of 
this study was to test a quick method for the counting of isolated avian platelets 
and mononuclear leukocytes and to find an appropriate carrier for their applica-
tion to the wounds of birds. It seems that flow cytometry can be used for the quick 
counting of isolated cells and the discrimination of thrombocytes, lymphocytes 
and eventually monocytes or debris. Of the tested gels and sponges routinely used 
for improvement of wound healing, a gelatin sponge (Gelaspon®) providing the 
highest numbers and viability of isolated cells proved to be the best carrier. 
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Avian patients rather often suffer from skin injuries of different aetiology 
(e.g. trauma, dermatologic diseases). The skin of birds is thinner and more deli-
cate than that of mammals, therefore it is more sensitive to damage (Burke et al., 
2002). Older, contaminated or large-sized wounds with lack of adjacent tissue 
should be treated by open-wound therapy, which involves the use of topical an-
timicrobial products, wound-healing stimulants, different types of occlusive 
dressings or protective bandages. Despite the unique anatomy of avian skin, the 
mechanism of wound healing is similar to that known in mammals (Ritzman, 
2004). After an injury, the first-phase inflammation is initiated, followed by pro-
liferation and remodelling. The healing of wounds is regulated by several cell 
types (leukocytes, platelets, fibroblasts, etc.) and by numerous cytokines and 
growth factors. For the treatment of different types of wounds it is very impor-
tant to increase the dermal and epidermal regeneration rate which is influenced 
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by several factors, such as the extent of tissue damage, bacterial contamination or 
the patient’s individual healing ability (Tóth et al., 1998; Petelin et al., 2004; 
Ritzman, 2004). In human medicine, platelet-rich plasma (PRP) is successfully 
used for the improvement of wound healing (Lozada et al., 2001; Torres et al., 
2010). PRP contains a high concentration of platelets as well as angiogenic and 
mitogenic growth factors implicated in wound healing, which are produced by 
platelets and macrophages. Among the growth factors, transforming growth fac-
tor-β and platelet-derived growth factor play a key role in the wound healing 
process (Theoret, 2005). PRP is easily obtained from mammalian whole blood 
by centrifugation. Since avian thrombocytes are nucleated cells, similar in size 
and density to lymphocytes and monocytes, they are obtained by the density gra-
dient (1.077 g/cm3) together with peripheral blood mononuclear cells (PBMC) 
(Bertram, 1998). Thrombocytes can be counted and discriminated from lympho-
cytes by flow cytometry based on the use of specific monoclonal antibodies (e.g. 
K55-low population corresponds to platelets) or the difference in inside granular-
ity of avian platelets and lymphocytes (Bertram, 1998; Bohls et al., 2006). Be-
cause most avian monoclonal antibodies are only specific and produced for poul-
try cell markers, it is not possible to use them for other avian species. Moreover, 
they are expensive. Since avian thrombocytes possess higher granularity than 
lymphocytes, due to the presence of cytoplasmic inclusions and vacuoles, they 
can be distinguished from lymphocytes by their increased side-scatter profile 
(Bertram, 1998). Flow cytometry using specific fluorescent dyes is also a power-
ful tool for testing the viability of different cells. There is a range of fluorescent 
dyes that can be used for characterising the metabolic status of cells. One of the 
most widely used dyes is propidium iodide, an orange/red fluorescent nucleic 
acid stain that is membrane impermeable and so can only stain cells with com-
promised membranes (Hoefel et al., 2003; Jankovičova et al., 2008). The aim of 
this study, therefore, was to test a quick flow cytometric method for counting and 
evaluating the viability of isolated avian platelets and mononuclear leukocytes 
and to find an appropriate carrier for their application to the wounds of birds. 
 
 
Materials and methods 
Isolation of PBMC and thrombocytes 
One ml of blood was taken from the jugular vein of 15 healthy domestic 
fowl (Gallus domesticus) of the ISA brown hybrid, about 1.5 years of age, into 
tubes containing heparin (25 IU/ml). Peripheral blood mononuclear cells (PBMC) 
were isolated using Lymphocyte Separation Medium LSM 1077 (PAA Laborato-
ries GmbH, Austria). One ml of blood was diluted 1:1 in phosphate buffered sa-
line (PBS; 137 mM NaCl, 2.7 mM KCl, 6.4 mM Na2HPO4, 1.2 mM KH2PO4 in 
distilled water, pH 7.3, filtered through a 0.22-μm filter) and underlaid with 3 ml 
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of LSM 1077. The tubes were centrifuged for 25 min at 600 × g. After centrifu-
gation, the PBMC interface was collected and transferred to a new 12-ml tube. 
Cells were washed twice with PBS and centrifuged for 5 min at 250 × g. Finally, 
the sediment of PBMC was resuspended in 0.5 ml of PBS. 
Tested carriers for isolated cells 
As potential carriers, three types of gels – Solcoseryl jelly (Valeant, Swit-
zerland), Askina gel (B. Braun, Germany), Lavanid-Wundgel (Serag Wiessner, 
Germany) – and three types of sponges – Biopad (Euroresearch, Italia), Gelaspon 
(Chauvin Ankerpharm GmbH, Germany), and Gelitaspon (Gelita Medical BV, 
The Netherlands) – routinely used for the improvement of wound healing were 
tested. Control samples were incubated in Dulbecco’s modified Eagle’s medium 
DMEM (PAA Laboratories GmbH, Pasching, Austria). Before the testing of vi-
ability, isolated PBMC were mixed together to obtain a uniform suspension of 
cells. Half a millilitre of PBMC suspension was mixed with 0.5 ml of the appro-
priate gel or infused in 1 cm3 of sponge. 
Flow cytometric analysis of cell viability and counts 
The viability and number of cells were tested before placing PBMC on the 
carriers and subsequently 2, 4 and 24 h after mixing, during incubation at labora-
tory temperature. A 25-μl volume of the prepared suspension was mixed with 
225 μl of propidium iodide (PI) working solution with a concentration of 6 μg PI/ml 
of PBS, and incubated for 15 min at 37 °C. Flow cytometric analysis of the vi-
ability was performed in a BD FACSCantoTM flow cytometer (Becton Dickinson 
Biosciences, USA) using BD FACS DivaTM software. Fluorescence measure-
ments were carried out using 488-nm blue laser with Fl-3 filter (695/40 nm). The 
position of cells was gated in forward scatter (FSC) vs. side scatter (SSC) dot 
plot. An Fl-3 histogram was used to determine the percentages of live and dead 
cells. Cells were counted at low flow rate (10 μl/min) during 30 sec. Chicken 
lymphocytes and thrombocytes were discriminated on the basis of their different 
SSC profiles. Cells with an increased side scatter correspond to thrombocytes, 
while those with a lower SSC were lymphocytes (Bertram, 1998). 
Statistical analysis 
Data were evaluated using the GraphPad Prism version 3.00 software by 
one-way analysis of variance (ANOVA) followed by Dunnett’s test. 
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Results 
After the isolation, we obtained approximately 7 × 105 PBMC containing 
thrombocytes in one ml. Thrombocytes represented approximately 45–50% of 
the isolated cells, i.e. 3.15–3.5 × 105 cells/ml. We found that the numbers of 
these cells significantly decreased during incubation in some carriers (Table 1).  
Table 1 
Numbers of chicken peripheral blood mononuclear cells (PBMC) containing thrombocytes placed 
in different carriers expressed as numbers of cells × 105/ml ± SD (n = 3) after incubation at labora-
tory temperature 
Incubation period 
Carrier 
0 h 2 h 4 h 24 h 
DMEM – control 7.0 ± 0.16 7.1 ± 0.16 7.0 ± 0.31 5.0 ± 0.14 
Solcoseryl gel 7.0 ± 0.16 4.2 ± 0.21* 2.3 ± 0.50** 1.5 ± 0.21** 
Askina gel 7.0 ± 0.16 3.1 ± 0.50** 3.2 ± 0.64** 0.8 ± 0.12** 
Biopad 7.0 ± 0.16 4.0 ± 1.45* 1.3 ± 0.36** 0.07 ± 0.02** 
Gelaspon 7.0 ± 0.16 6.1 ± 0.26 6.0 ± 0.12 5.7 ± 0.25** 
Gelitaspon 7.0 ± 0.16 4.9 ± 1.25 3.1 ± 0.6** 2.7 ± 0.22** 
ANOVA P > 0.05 P = 0.0041 P < 0.0001 P < 0.0001 
*significantly different from control (P < 0.05); **significantly different from control (P < 0.01) 
Table 2 
Viability of chicken PBMC containing thrombocytes placed in different carriers expressed in per-
centages of live cells ± SD (n = 3) after incubation at laboratory temperature 
Incubation period 
Carrier 
0 h 2 h 4 h 24 h 
DMEM – control 97.7 ± 0.08 97.7 ± 0.22 98.0 ± 0.54 97.3 ± 0.09 
Solcoseryl gel 97.7 ± 0.08 96.0 ± 0.82* 95.3 ± 0.56* 7.50 ± 3.43** 
Askina gel 97.7 ± 0.08 90.6 ± 1.10** 18.4 ± 8.20** 0.20 ± 0.05** 
Biopad 97.7 ± 0.08 95.3 ± 0.51** 92.1 ± 0.37* NM 
Gelaspon 97.7 ± 0.08 97.8 ± 0.22 97.6 ± 0.59 97.3 ± 0.37 
Gelitaspon 97.7 ± 0.08 97.6 ± 0.12 97.5 ± 0.21 95.1 ± 0.45 
ANOVA P > 0.05 P < 0.0001 P < 0.0001 P < 0.0001 
*significantly different from control (P < 0.05); **significantly different from control (P < 0.01). 
NM: not measurable 
 
The most evident decrease was noted in the Biopad and Askina gels, 
where only 7 × 103 and 8 × 104 cells/ml were counted after 24 h. In contrast, the 
highest numbers of cells were found in Gelaspon. In the same way as for the cell 
counts, the highest viability of cells after 24 h was found in Gelaspon and Geli-
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taspon (Table 2). Due to the very low numbers of cells after 24 h of incubation, it 
was not possible to measure their viability accurately in Biopad sponge. The 
lowest viability after 2, 4 and 24 h was measured in Askina gel. Unfortunately, it 
was not possible to perform these measurements in the Lavanid gel, probably due 
to conglutination of the cells by the gel. Even if the cells were measured imme-
diately after being mixed with this gel, they were not found in their normal posi-
tion on FSC vs. SSC dot plot. 
 
Discussion 
In this study we tested different carriers appropriate for the application of 
cell concentrates for the improvement of wound healing in birds. The viability of 
isolated cells in the carriers tested depends on their composition. With the excep-
tion of Lavanid gel containing polyhexanide which inhibits the growth of micro-
organisms, the other carriers tested do not contain antimicrobial substances. De-
spite this fact, their composition significantly influenced the viability of isolated 
cells. The highest viability was noted in Gelaspon and Gelitaspon, both of which 
sponges are made of 100% purified porcine gelatin. On the other hand, signifi-
cantly lower viability was found in Biopad sponge constituted exclusively by ly-
ophilised type I native heterologous equine collagen. Since Gelitaspon is not 
suitable for closing of skin wounds because of a possible disruption of the wound 
healing process, Gelaspon was chosen as the best carrier for the subsequent ex-
periments. The treatment of skin wounds based on the use of PRP containing 
mononuclear cells and Gelaspon as a carrier should be used in the practice first 
of all in rare exotic and pet birds and birds of prey. In such individual avian pa-
tients, we can take blood and prepare a cell concentrate for open-wound therapy 
within one hour. Flow cytometry seems to be very useful for the quick counting 
of isolated cells and for the discrimination of thrombocytes, lymphocytes and 
eventually monocytes or debris based on differences in their morphology. De-
spite the fact that avian lymphocytes and thrombocytes are similar in shape (oval 
to round) and size (4–8 μm), they can be distinguished by flow cytometry based 
on the difference in cell complexity. Avian lymphocytes are non-granular cells 
with a large round nucleus and little cytoplasm, while thrombocytes contain cy-
toplasmic inclusions and vacuoles (Daimon and Uchida, 1978), which increase 
their side-scatter profile. Moreover, after simple staining with propidium iodide, 
a fluorescent dye which can enter only cells having a damaged membrane, it is 
possible to count the live and dead cells simultaneously. 
In conclusion, it seems that flow cytometry represents an appropriate 
method for the quick counting of isolated cells as well as for the discrimination 
of thrombocytes, lymphocytes and eventually monocytes or debris. Of the tested 
gels and sponges routinely used for the improvement of wound healing, the best 
carrier was a gelatin sponge – Gelaspon® – which provided the highest numbers 
and viability of isolated cells. 
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